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THYROID NODULES AS A LATE SEQUELA OF RADIOACTIVE FALLOUT*

In a Marshall Island Population Exposed, in 1954

R. A. CONARD, \f.D.,~’J. E. R.ALL, M.D.,+ PH. D., AND W. W. SUTOW, M.D.$

UPTON, LONG ISLAND, NEW YORK

N ODULES of the thyroid gland have been dis-
covered during the past three years in a num-

ber of people of Ronge]ap Island who had been
accidentally exposed to radioactive fallout in 1954.
The accident was the result of an unpredicted shift
in winds after the experimental detonation of a
large thermonuclear device at Bikini in the Marshal]

Islands, which caused radioactive fallout to be
deposited on 4 inhabited LMarsha[i Islands to the
east. Inhabitants of Rongelap Atoll, about 100 miles
away, received the largest amount of fallout. The
somatic effects bf this radiation have been well doc-
umented in a number of medical reDorts and are
summarized elsewhere.l,z

‘This report concerns the recent development of
thyroid abnormalities among the S2 people of Ron-
ge]ap Ate]] who received the largest exposure to
fallout radiation. sixty-four of these people were on
their home island when the detonation occurred.
Eighteen others were fishing on the nearby atoll of
Ailingirme. They saw the blinding flash of the deto-
nation in the ~arly morning, followed by a white,
snow-like fallout throughout that day. The people
on Rongelap Island received the largest exposure:
175 rids of whole-body gamma radiation, thousands
of rads to the skin (largely beta) from deposit of
fallout material on the body and significant amounts
of radio nuc]ides absorbed by inhalation and con-
sumption of contaminated food and water. The 18
peopie on Ailinginae received less than half the
exposure of the other Rongelap people. Both groups
were evacuated two days after the accident and
lived in a temporary village on a southern island in
the Marshnll group until 1957, when the radioactive
levels had subsided sufficiently on Rongelap to al-
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low their return. During the years after the acci-
dent, over 200 Rongelap people or their relatives
who had not been exposed to fallout returned to
live with the exposed people, and this group has
formed an excellent comparison population.

Suhfhmiy OF EARLY FINDINCS

The whole-body dose of radiation received proved
to be sublethal. Aside from widespread anorexia,
nausea and a few cases of vomiting and diarrhea,
along with irritation of the skin occurring during the
first two days, the most notable effect of the exposure
was depression of the blood-forming tissues. Although
the peripheral leukocyte counts were reduced to
about one half to one third of the normal levels and
the platelets to about one third to one eighth of the
normal values during the first five or six weeks, nei-
ther infection nor bleeding clearly related to radia-
tion effects (except possibly menorrhagia in a few
women) was observed. Recovery of peripheral blood
elements was nearly complete by one yew but lagged
thereafter; the mean levels remained slightly below
those of the comparison population through ten years
post exposure. However, the survey at eleven years
showed levels of peripheral blood elements that ap-
peared to be about the same in the exposed as in the
unexposed people.

Radiation lesions (“beta burns”) of the skin and
spotty epilation of the head were widespread, begin-
ning about two weeks after exposure. The most com-
mon sites for the burns were the head, neck, axi]la,
antecubital fossae and dorsa of the feet. Most of the
lesions were superficial and healed without grossly
visible sequelae. However, some of the lesions were
deeper and resulted in pigment changes and scarring
that have persisted. The hair in all cases regrew in six
months and was normal in color and texture.

Absorption of radionuclides in the fallout from
inhi~lation and from consumption of contaminated
food and water was detected by rtidiochemical anal-
yses of urine. The highest body burdens occurred
during the first two days on the Island before they
were evacuated, when they were exposed to an envi-
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ronment high]}, contaminated u,ith radioactive nla-
terial. The radioisotopes of strontium. barium ~Lnd
iodine, along with some of the rare earths, wele ab-
sorbed in greatest xmount. Probably, only isotopes of
iodine exceeded the accepted permissible levels. ,NTO
acute effects of exposure from the internally absorbed
radio nuclides were obsen,ed. Since their return to
Rongelnp in 1957 the people have been exposed to
lowlevels ofcer-t;~in residua lritdionuclides – niunel>,,
CS137, Znm (this is an induced radioelement) and
SP’I. Body burdens appeiw to have reached equilib-
rium with the environmental levels of these ele-
ments, and are well below the accepted permissible
range.

LATER FINDINGS

Evaluation of the general health stntus, illnesses,
mortality, fertility and aging over the eleven years
since exposure has revealed no significant differ-
ences between the exposed :~nd the unexposed pop-
ulations that could be ;~ttril>uted directly to radia-
tion. Tl~e slight lag In recovery of peripheral blood
elements IMS not affected their resist:mce to disease
and immunologic competence. A]though the birth
rate IMS been ;~bout the same in the exposed and
unexposed Xroups there was ~in ~~pparent increiise in
misc:wriages and stillbirths in the exposed women
as compwed with the unexposed women over the
four years itfter exposure (41 per cent, or 13 of 32
pregnimcies in the exposed, as compmed with 16
per cent, or 8 of 49 pregnancies in the unexposed
women over ;I con~pa’rable period). A Felv co[l~enit:~l
abnormalities have been observed in babies born to
exposed women, but no correlation with radiation
seems possible at present. Slit-lmnp ohserwitions
h;lve failed to reve,tl radiation-induced opacities of
the lens. Studies of growth and development? con)-
paring 42 exposed with 75 unexposed children have
revealed :~ slight retardiltion of growth in the boys
exposed at one to five years of age, most marked in
those exposed at ttvelve and eighteen months of
~we. The possibility that radiation was a cilus:~tive

factor will be discussed later.

CONSIDERATION OF THE RADIATION DOSE
TO THE THYROID GLAND

Calculation of the dose to the thyroid gland from
mdio:{ctive iodine requires knowledge of its uptxke
by the gland, its half-life in the gland, the size of
the gliind :md the reliltive proportion of the severnl
radioisotopes of iodine. Unfortunate}’, in the
present situi~tion few dots of a direct nature are
ilvi~ilable. The rel;ttii,e~ distril~ution of mdioiodines
in fi~ll(](lt is well known. Ill ncldition to I!:!), the
isotopes of IIw, IIW ;md to a lesser extent 1102con-
tributed sigl~ific:lntl} to the tl~yruid dose. The only
d;lta av:lilxb]e nre rndiocl]elllicill anidvses of ~ooled
urine sumples taken fifteen diiys and longer after
the fallout. Three sep;lrnte estinmtes of the dose to
the tl~>roid glnnds of i\dLL[tRongel~Lp people frrrln

radio iodines have been made: 150 rads (from direct
measurements of urinary I1~l)~; 100 rads (by indirect
measurements using animals — pigs removed from
Rongelap - and ilarshallese urinary-excretion
data)’; and 160 rads (based on recent recalculations
of earl}’ data).s The last rec:dculatiooss were based
on analysis of pooled urine samples mainly from
adult Rongelap people taken fifteen days after deto-
nation; an estimate of the one-day thyroid content of
I ‘x’ was 11.2 microcuries (5.6 to 22.4 microcuries)
assuming that 0.1 per cent (0.05 to 0.2 per qent) of
the maximum thyroid burden was excreted in the
urine on the fifteenth day. The dose” of 160 r-ads to
the i~dult thyroid gland was calculated from or-al
intake and inhalation of the, vwious iodine isotopes,
considering their fission yield, the avernge energy
deposited in the thyroid gland per disintegration
and the time of absorption. The dose to the thvroid
glands of children three to four years old was then
calculilted bv means of these factors w’ith consider.l-
tioll of plllmmlxry functiol) a]lcl the thyroid size~
of a child th~~tage. \\r:Itel \\,:isregarded JS the mni u

so[[rce of ioditle iu~esti on. ;Inc] since water was bein~z
17

rationed mtthe time of the fidlo~lt, it \vnsassumed tlu~t
the children drank the snme mnount of water as adults
And therefore lmd the smne thyroid burden of r.tdio-
iodines. Because of the small size of the glxnd the beta
dose of radiotioo to the glmd WM subst;mti;tlly larger.
The total estinmtec) dose from the various iodine iso-
topes to the child’s gland WM Aout 1000 rads, with N
minimum of afm(lt 700 rxcls and n tnaximum of 1400
ruds. Tl~e gl:mds received mI) additiond 175 ritds
from external gamma mdiation. Detxils of these cxlcu-
l;~tions have been given by Jmnes xnd Gofm;m.s

ThoLIgh the skin overlying the thyroid gland was
f’requent]y the site of “beta hums” it is not believed
that the de~osits of radioactive materials in this area
added sign~fitmnt]y to the thyroid dose since most of
the beta irradiations were of insufficient energies to
have penetrated to the depth of the gland.

ABNORMALITIES OF THE THYROID GLAND

Physical examinations have always included care-
ful inspection of the thyroid region in both exposed
:md unexposed comparison groups. In addition,
determinations of the level of protein-bound iodine
and cholesterol in serum have been carried out nt
various interwds since 1959 in some persons. Until
1963 no th>roid abnormality was detected in either
the exposed or the compmison popLllation, except
for 1 c:tse of usymptomatic diffuse thyroid enlarge-
ment seen in Nn unexposed wom:m. The avernge
level of serum protein-bo~lnc] iodine was found to
be e]evxted in both the exposed and compm-ison
populations. It is be]ievecl tlmt this is a racial c!lnr-
acteristic, and that the increilse is partly due to an
increased level of the iodoprotein fraction of serums
Xo significant clifferences were noted between the
l~leilll.,protei l~-l)[)~llld iacline and cholesterol levels in
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the exposed as comp;~red \vitl) the unexposed popu-
h{tion. Determinations of basal metilbo]ic rate were
not clone owing to difficulties of carrying out the
procedures under field conditions. Dietav iodine
has apparently been adequilte. In 26 cases the mean
twenty-four-hour urinar>, iodine excretion was 105
microgrn. (mnge, 19.5 to 27’9 microgm.).

In 1963, nine years after the accident, a twelve-
year-old girl in the exposed group was found to
have a nodule of the thyroid gland. In 1964, 2 ad-
ditional cases tvith thyroid nodules were found in
exposed girls thirteen and fourteen years old. In
Nlarch, 1965, 3 additional cases in exposed people
were noted in boys thirteen and eighteen years of

age and in the first adult, a forty-one-year-old
woman. In September, 1965, a further examination
was carried out, and s i~dcfitional exposed people
with nodules varl, ing in size from 2 to /5mm. were. .
fot,l,d. C)ne of these WASi, forty -five-}, e:ir-old womnn
in the group that received only an estimated 69,
rads. In addition, there were s people in i~,honl the
thyroid gl;ll]d nppetired to be roughened or minim;ti
modularity was col)siderecf likely. These cases :tre
not included in Table 1 because of the lninit]~al
nnture of the physic:l] findings. Titllle 1 lists the
cases with thyroid zil>l~(}rllli~lities. Tab]e 2 shows the
incidence of thyroid disease in the more heavily
exposed group of 55 living Ronge]ap people as a
function of age. The 1 case in the less exposed
group of 16 is not included. lNot including the 5
recent cases with minimal changes, the incidence of
thyroid abnormalities (nodules in addition to hy-
pothyroidism) wm hi@}est in the children exposed
itt less tlli~n ten ye:lrs of ;lge (55 per cent of this group).
Tl]e greater incicfellce iu felnales (8 of 16) tl];m in

mitles (5 of 13) exposed is in Iiue W,itll the greater in-
cidence of thyroid abnormalities usually noted in the
fem:lle.

The first 6 patients have been hospitalized and
have undergo~e surgery. These case; are briefly
summ:lrizecl below. Their response to the radiation
was similar to that outlined above. and onlv sDecific
differences are noted here. - “

CASE REPORTS

(:ASE I , a 14-year-old Xlarshallese @rl, was 3 yezrs
old when ex[msed to radioactive fallout, Her response 10 this

radiaLion was !}pical of the hToup. Clinically, she has re-
mained eo[hyrmd throughrrut the period of obsemation (in
1957 the cholesterol was 135 rng., and in 1964 the protein-
bound iodine ,~m 6.8 microgm. per 100 ml.).

III Nlarch, 1963, she was found m have a ?-cm. nonten-
der, firm nodule of [he left lobe of the thyroid gland. In
,+ Ui#lSl, 1964, a total dlyroidectom: was performed, with
dissec~ion of the an[erior compartment of the neck. (It was
It first [hou~ht frolm the frozen section that the nodules
were m~li<man~.) Grossly, the ~lands showed multiple nod-
ules \\irt] cystic and IIemorrhaxic areas (Fix. 1). The gland
wei:hed 12 gm. The pa(holnsfic~l diagnosis was adenomamid
~ni[el-. The microsco})ical appearance was reported as fol-
lows:

,+rn[)n~ [Ile Iwduldr fornlations lhere are adenn-
nla[oid tmdultts, wi[ll ~nd WI[lIOUI re~enera[i{>n and hem-
~m-ha~e. and adel]amx, some cunsls[jng of very pale,
aimnst clear cells. Nunlernt/s l)a]~illor) lorrna[ ions I)resertl
:Lre son~e~.,l]at alarmin~. However, no evidence of mdig-
nwu clmn~e is found. 111 s{m]e )>lisces tl)e it]trauodulur
thyroid tissue is arranSed in lozen~e-shaped masses issso-
ciated with somewha~ atypical cells.

The recovery from [he o[~eration was uneventful except
for a transitory episode of hypcspmathyraid tetany, and the
patient is bein$ treated with ]evothyroriine, 0,3 n]~. per day.

(:ASE ~. a I-&year-ald ~larshallese ~tirl, was exposed
to fallout “at 3 years of age and showed a typical course. She
was al)[)arerttly euthyroid during rel]eated examinations (the
protein-bound iodine bein~ 7.4 micrrrgm. in 1958 and tl. I
micro~rn. per I ()() ml. in IWI, anc[ the cholesterol being [?8
mx. per I00 ml. in 1959).

in Flarch, Iwj.1, ~ firm, nontender nodule, 1.5 cm. in

diameter, was discovered in the Ief: lobe of the thyroid
qlanci. I n ~~jqtlst, 1964, a total thyroidectom y ws per-

TAELE 1. Thvroid .4bnormalittt~ tn Exposed Marshal[tsc. ‘

P. T,E?JT PRESENT
AGE

.Y,

14
14

15
18
,2

41

17
14
19
40
45
~q

ACE AT
Ex,osunE

y,,

3
3

4
7
I

30

6
3
8

29
34

1

!

D.-m
ABNOR MAL1?T

,NoTm

3163

3164

3/64
3/65
3165
31’65

9/65
9/65
9/65
9/65
9/65
3/65

3/65

Dtm.osns

Adcnomatoid thyroid nodules
Adcnomatoid thyroid nodules

Adcnomatoid thvroid nod,.,les
Adenomatoid thyroid nodules
Adcnomatoid thyroid nodules
Papillary & folliiular thyroid
carcinoma
3-mm. nodule of left lobe
2-mm. nodule of right lower lobe
6-8-mm., smooth nodule of left lower pole
2-mm. nodule of right lower pole
5-mm. nodule at midline
.Hypothyroidistn protein-hound iodirtr
< 2 microqm./100 ml. (hfar. 1965);
marked rctardatiorr of grmvth.
Hypothyroidism protein-bound icdinc
< 2 microem./100 ml. (Mar. 1965);
marked retardation of growth.

Complr!e [hyroidcc[omy (1964)
Complete thyroidcctomy & parathv-
roidectomy (1 964)
Partial thyroidcctomy (1 964)
Par[ial thyroidcctomy (1965)
Partial thyroidectomy (1965j
Thvroidectomy—surgical .& with
rad’ioiociine (1 965)
l.evo[hvrnxine, II.:{ m~,/day
L.evmhyroxine, {).3 mg.iday
I.evmhyr{lxine. ().3 m~.)cfay
Ler’othvroxine, (1.3 mx.lday
Levt>thyrox]nc. 11.:4mg,/rt:ly
Levotllyrnxine. 0.:1 m~.ld:l~

“Does nor include 5 pacwms klicved 10 have mt. timal thvrad imcqulari tics (2 were r?-!r. old gtrh, I ● 26.yr..old worna”, & 2 men 31 & 37 w or zgt); no
xhvro,d nodules detected in 200 .nc.xp.m.d Ronsclap people.
tExpowd to O“IY 69 r of whole-body radiat>o” (see Iex.1).

.:
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, T.4BLE 2. Thyroid Abnormaliticrin the More Hcaui[y Exposed .bfarsha[lese Group. ”

EXPOSURE No.
Exmsm

o-5 13
6-10 5
11-15 5
16-20 6
> 20 26

.<,.,), , ,s, , P,lt(t.,,’.. .,,, (), ,., sl.s ,,.( ,.. ,A,. L X(). ,), (.4.,.. P}.”,.}. ,.. (.1
,,, (.”,,L’P

5 38.5 2 15.4 7
3

53.8
60.0 — — 3

0
60.0

0.0 — — o
0

0.0
0.0 — — o

2
0.0

7.7 . — 2 7.7

“5 casesw,lh mimmal !hyroid abnormal, tim not included; 1 45-vr. -old-woman tn Ic=cxposcd group in whom {hyroid nodule dcvclopcd also not included.

formed. The gland was multinodular, with nodules up to
about 1 cm. in diame[er, and weished about 12 gm. The
histopad~olo~ical diagnosis was adenomatoid goiter. The
histolohtic descrilxion was as follows:

The thyroid sections . show multi l)le adenoma[oid
nodules of widely varyins pattern, hfost of them contain
papillary formations thal make i[ necessary to consider the
possibility of carcinom~. Althou~h a few microscopical
fields on hi~h-]mwer examination ap]>ear biz~rre it is be-
lieved [ba[ [he nvcra]l pi:ture does not jus[ify a cfia~nmts
of neoldastir disease.

A s[a[e of persistent hyl~ol)arathyrc~idlsm followed the oper-
a[inrr, necessita[ink the use of vi[amin D* as well as thy-
r{)ld-rel)l.i{e]nen! [beral]y.

(:,ls,t. :1, , is l.~-yea]-olcf ~itl, was exposed m fdllou L iIL
[I)e axe of 4 with si~ns and syml)torns typical nf II , :r[)up,
In March, 1964, aK 14 years of age. she was found to Ilisve a
small, nontender thyrnid nodule (2 or 3 mm. in size) in the
is[hmus. The ri~ht lobe, isthmus and medial half of Khe left
lobe were removed. Many nodules were present, varying in
size u]) m 5 mm. in diameter. The following was reported:

The normal thyroid architecture is effaced by, small
nndules showirr~ varyin~ deh~ees of amsl~hv and hyper-
I]lasia, Some nodules consist nf microfollicular (issue. and
some SIIOW Iuxurianl Impillary \70wth, wl)erem others are
c(dloid cysts with flattened el]itbelium, There are foci of
hemorrhqe and calcification, Dense fibrous sel)turms selx]-
rate nodules. The diizgnosis was ader!nma toid goi[er.

Recovery was uneventful, and the patient is being [rea~ed
with Iewsthyroxine, (),3 ms. per day.

(:.+SE 4 ~ l~.year.old b{)v, wx exlx)sed [n fai[olll :lt

I year of a~e. D\irin~ tile [en-ye;;r I)eriori after exlmsure, he
was foLind co show a la~ in growth. based on arltilrol~[>n~e[tl~
studies and radio~rapbic determination of bone a~e, so [Ila[
he has cnntirrued 1 to 11/2years behind LLnexpcwed chi!d}-en
of his age. He has bad no obvious ei,idence of Ll]!roid mal-

function, Dttring the I>ast sex,eral years 2 determinations of
I)rntein.boursd iodine and 1 of chules[erol ha~,e been within
the normal rznge. He has remained in generally good
healtt].

In $Iarcb, 1!)65. he was fnund [o btive a ?-cm,, non[ender
but firm, freely movable nodule in the ri~h[ lobe of [he
thyroid ~land. Nu fymphadenol~a[hy was pall) ated, He was
Lake;) to Broukbaven ,National Laboratory in June. Thy-
rnid-fLlnction tests showed Lhe fol[owin~ resulLs: serum io-
dine fractionation (by column chrom~trsgr~l]hyn) was 7.1
microxm. total, 2.() microsm. indol)ro[ein and 4.2 micro~m.
I)er 100” ml, Lhyrcsnine fraction (T, +T3): the cholesterol ,vas
167 mx. l~er 100” ml.. with 145 m~. in [he esterified form:
thyroid au Loantibodies (~l]e tanned red-cell technic was used
in ~i[ Lbese determinations) indic:]ted a titer under ]: 16; the
basal metabolic rate was–23 percent: a thyroid scan (Tcww)
shnwed I)ossible nodularitv of the right lobe: studies of [132
(Iptake disclosed a level of 39 per cent at 6 IIours. After
TSH stimulating with 10 ~“Sf> units daily for- 3 days the
(IIMal.c sllowcd a sli,gbl decrease, with no increase in [he

level of protein-bound iodine. Hematologic examination and
x-ray study of the chest were considered to be within normal
limits.

The right lobe of the thyroid gland was removed at the
New England Baptist Hospital and showed multiple nodules

UP tO l.? cm. in diameter. The pacholostical cfiakmosiswas
adenomatous goi[er.

Recovery from sur~ery was uneventful, and in September,
1965, treatment with Ie\!rrthyroxine was instituted.

(:ASE .;. I., an 18-year-old hlarshallese brsy, was ex-
}msed to fallout at the age of 7. Since recovery from the
acuie effects of radiation he has been in Kenerallygoocf health,
and [hou~h[ m be euthyroid (in 1!)58 t}]e prntein-brsund
iodine was 7.() microgm. per 1[)() ml.). compared with un-
expused boys of [he same age, however. he had shown a
sli<b[ de,qree of re[al-dation in ~rrst,,th based on anthrolmmetric
and bone-age s~udies.

In March, 1965, a firm nodule, 1.5 cm. in diameter, was
noted in the lower right pole of the Sland. He was taken to
Brookhaven National Laboratory for s[udy and later to the
New Ent#and Baptist Hospital for surgery, Thyroid work-up
showed the following data: iodine fractionation of serum
indicated a [oLal iodine of 6.5 microgm., iodoprotein of ].3
rnicrogm. and tflyronine (T4 + Tl) of 4.? microgm. per 100
m].; thyroid auLoantibodies were under 1:16: the cholesterol
was 170 mg, per 100” ml., with 144 mg. in the esterified
form: the basal metabolic ratewas –1’2 per cent: a thyroid
scan (Tc’”’l~) showecf a “cold” nodule in the lower right lobe:
studies of 1132 uptake revealed 40 per cent uptake in 6
hours, with 32.5 per cent urinary excretion at that time.
After TSH, 1(1 L’S/) units daily fur 3 days, the uptake at 6
hours was 33.7 per cen[, with a urinary excretion of 18.5
per CenL. The [)rrrtein-bound iodine at [hat time was about
tl]e same as before TSH s[imt!lation. Films of the chest and
all elecu-ocardiogram were normal. f-temaLo@ic studies were
not remarkable.

Tl~e ri~ht lobe of Lhe thyroid ~land conlainin~ mulLiple
nociLIles was removed, Tl~e nodules varied in size up to I
cm. and were pale Sray to deep red, firm and pulpy znd
semicystic. The ditignosis was adenomatous ~rsiter.

(:<\SF. 6. , a 41-year-old Nlarsha]lese woman, was ex-
posed to fallout at 30 years of oge. Since recovery from ra-
diation she has remained in relatively good hea]tl), with no
serious illnesses or injuries. She has had 9 children, 4 of
them born since [be fallout exposure. She has apparently
remained eulhyroid, Tl~e protein-bound iodine in March,
1965, was 10.() microgm. (hish normal for the Marshallese),
and the serum cholesterol in 1958 was !24!) m~. per 1(}() ml.

[n Mat-cl], 1!)65, a l-cm. nodule, hard but nm tender, was
found in dle rigll[ lower I]ole of the thyroid gland. No lym-
]~hadenopachy was de[ec[able. She was urken to Brorsfiha\,en
National Laboratory for stud} and later to the New Engfand
llal)IIsI Hospital for surgery, Thyroid work-up revealed Lbe
following values; on serum iodine fractionation the total
iodine was 8..5 nticrogrn., the iudnpro[ein fraction 4.5 mi-
crrsxm., the tl~yronine fraction (T4 + T~) 3.4 microgm., and
the protein-bound iodine 7.5 m]cro~m, per 1()() ml.: the

‘?() mg. per 100” ml. (in the esterifiedserum cholesterol was 2. .
form, 183 rng, ): the basal metabolic rale wiss -’27 per cent:,,
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thyroid au[oarrtibodies were preserr[ in a Liter under 1:16. A
thyroid scan showed a large “cold” nodule replacing the
lower pole of the right lobe of the gland. X-ray examination
of the chest and bones gave no evidence of metastatic ie-
sions. A study of [hyroid upm~e with 1131showed a 6-hour
value of 22.3 per cent, with urinary excretion of 33 per
cent. .Af[er treatment wiLh TSH, 10 units daily for 3 days,
thyroid uptake had increased to 33 per cent, and the pro-
[ein-bound iodine was 8.() micro~m. per 100” ml. Hemato-
lo~ticstudies were not contributory.

A subtotal [hyroidectomy, leavin~ a small portion of the
left lobe, was carried out. [t was reported ~ha~ !? nodules,
each approximately 1 cm. in diameter, were presen[, and the
pa[holo~ical diahmosis was “mixed papillary and follicular
carcinoma of right lobe, wi[h blood-vessel invasion and me-
[as[asis co I lymph node and normal ri~ht l]ara[hvroid
Kland: (the left lobe of the thyroid gland shows nosi~nificani
changes).”

Recovery from ~he operalion was uneventful. The pa[ien~
WJS then htiven 10 units of TSH daily fol 3 days, lnd On the
4th day, 30 mc. of 1’31 10 destroy Lhe remaining thyroid
[issue. The subsequent course has been uneventful, and
treatment with Ievorhvroxine was sKarted in Au Kust, 1965.

Gross Appearance of the Thyroid Glands

In id] 5 children o~erated upon (C:~ses 1-5) the
nlu]tinodular chiirxcter of t}~e g[;lnds W:LS notable al
surgery although on prior c]inic:tl examination, the
nodules had a~~eiuwd to be solitary. The nodu]es
vitriecf in size froln 1 min. to several centilneters, in
consistence from fltrctwmt to relotive]s hi~rd and in
color from pale gruy to pink to red; cyst formntion
wiis present in many, and some had hemorrhagic
m-e:ls. Figure 1 shows the gross appew;mce at oper-
ation in Case 1. In the pntient with c,&inoma (~:lse
6) the gl:md did not show the sxme degree of nodu-
Iurity, except for the presence of 2 firm, yellow nod-
Llles about 1 cm. in diameter (Fig. 2).

Microscopical Appearance

The microscopical appearance of al] the benign
nodulm glimcls was chimtcteristic of tldenomatoid
goiter and viwied main[y in the degree of Change.

The m-chitecture of the g];md was disrupted by the
nodules of widely varying sizes, some contilining
microfollimrlnr elements w,ith and without colloid:
others were atrophic, some cont:lined large cysts
with colloid, some with hemorrhage, and still others
showed extensive proliferation of the epitheli~ll lilY-
e rs \vith marked infolding, giving ;111 “wboretd”
~{ppeilrance. FigtLre I incficxtes solne of the changes,

The tumor in CJse 6 sl]oiving papillnry and follic-
ulilr c;lrci]lnm;l, with it]v;lsion of bloocl vessels and
;L ]}vnph node, is demonstr:itec] in Figure 2

Thyroid Abnormality in Boys Showing Retarded Growth

Two twelve-y e:tr-o]d boys and ,, who
II:td been exposed at fifteen mld eighteen months of
iige respectively, have had the greittest retm-dntion
of growth Jncf development. (Fig. 3) has
shewn no ch~ln~e in bone rilaturation since 1961
and at present ~;ls a bone age of that of a three-
yenr-old child. The hone we of has showed.
continuing slow ~rowth ilnd in 1965 was five nncl A

FI GL:RE 1. Btut~y AdeIIotIIcI/oid Thvoid ,v’oJuI?.x III [I FCIUrrr-rn- Yr[Ir-
0((( {;;14

Mf ye,m. Both these boys in 1965 have the height
of norrmd seven-yew-old Al:mhallese boys. Their
dwxfism has been rmrticuladv mm-ked in commwi-
son with younger siblings who now we t.~[ler than
they m-e (Fig. 3).3 During the pmt yexr in both
c;~ses the levels of protein-bound iodine have
dropped below 2 microgm. per 100 ml. Before that
time they hud levels in the normal rmge, and they
haci been considered to be euthyroid. They now
luive definite signs of hypothyroidism, with nonpJ-
pable thyroid glands, i~l~dAchilles reflexes with the
typical sluggish return. These boys do not ;lppeitr to
show mental retilrdation. TS H levels (in March,
1965) were elevated in both boys (more than 120
and 119 millimicrogrn. per milliliter), corrohor~tting
the impression of primary hypothyroidism. * Other
exposed male chi[dren in the retimded group (but
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less retm-decl than these p;itients) h;lve levels of

I)roteit]-l)()(lflcl iodine that lulve rem:lined norm;ll.

f Io!i,ever, it is si~nific;l[lt thilt recent TSH cleter.
nlinations showed sliglltl} e]ev~lted ]eve]s in 2 of
the less ret:wc]ec] chilclrell, TWO of the [>OYS
imd with thyroid nodules were in the group
with ret:~rd;~tion of groivth :Md deve IOPn~ent. It is
interesting in these I;\tter c:lses thilt, thoL1q]l the
levels of proteil]-boLLllcl iodine \vere norm:]], 1 had it

slightly elev;lted TSH level (9.6 nlillinlicr{)g]ll. per
milliliter), and both showed nlmost no response to
TSH stimul;ltion. The possible correltltioll ofgrowtll

retarclatirsn with thyroid irr;ldi:~tion will he dis-

cussed later.

After extensive dismssio]l, it was clecided to in-

stitote tre;ttment wit]) levot]lvro~ine in tll~ nmfir,a
. . .- ...” .L..
heavil> exposed ~mup, ivl~ich wx do[)e ill

her, 1965.

.:

Septenl-
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orene) nnd :I)IN fm.tor ttult cwuses hypothyroidism is
III(IUII Iligller.z:l RxfiilticsLl b>” either .s-rk~ys or 1131 is
p;lrticul;lrl)” effective since it silll~llti~lleo(lsl~ acts m
ii ctwcino:en :lnd, b>’ impairing the functional ca-
p;]city of the gl;mcf, Ldso induces TSH secretion and
th>roid stinlulation.

Se\eritl mpects of radi;ttion dmn:~ge ma} be con-
siclered.’ C)toplasmic d:mlage may result in enough
f{lllction;d dmnage to result in cell deoth, or repair
Imlj occur if the damage is not too extensit,e. lnjur!,
to nliclenr nwterin I may result in deatl~ of tl~e cell if
enoug]] deox>mucleic wid (DNA) is altered so tlmt
the process of its tmnsformation for synthesis of
L]rotein is serious]y inhibited. Restomtion of DNA
]IIA} occur ;\fter these clmnaging effects, as hiu been
so \i,ell studied i~fter ultr:~violet irradiation in bacte-
ri:~.z’ On the other hand, DX.+ th:lt is not restored,
mxy not :dfect cell finction if that portion of the
D\.-l is repressed Jnd not u~~dergoin: trimsforma-
tion, I)ut cell rfe:lth llliL) occ[lr :Lfter di\~ision, It is
Iikel> tllilt t]uit tile SW]lC process of di\,ision in cells
c.t}-l-~.i]]g diun:~ged DSA nut!’ be ;l criticwl factor in
c:ircillogellehis :dtllo{~gll tile Illecll;tllisl)l is obsc[lre.
ol)\i(lllsl), ;I]]> f;wtor tll,tt stimul;ttes tile th>-roid
gl<llld to Cil,lse cell di\’ision will ucce]erate this
]Iroc’css. }~>”l>otll}roiclislll” prod!lced 1)~ ri~di;ltiol)
d.tlnilge to solne of the thyroid cells \vill result in
sIIch stimtl]ation.

Increased sensiti\, it> of children’s tl]}roicl gl:mcfs
to the develop lnent of neoplastic clumges from
rodiiLtion exposure hm been mnply demonstrated. A
series of retrospective ;Illcl prospective sh~clies htlve
clexr l>”shown the c;l IIsa 1 reldtion of irrdiiltion of
the tl]ymic region in il~f’illlts m)d the I;\ter develop-

.’~~H1], ~~dditiol], the clevelop-ment of thyroid c-nncer.-
mellt of’ iidellonloto~ls lesions of the XIJM1 ill chil-
clren fi\e to ele\’en ye;trs after treiltnlellt with 1131for
th>rotoxicosis hm been reported.~9~” Doniach’]’
poil~ts out thitt cell divi.sioll ill the ~rowill~ th!roid

(rl:]l)(l of’ t]le ~llilcl II):LI. I)e ;1 f;wtor ill this incre; wkx.- {
semitiv it} to” irr:tdi;lti(j[l. 011 tile O\.ertlge, .3 to 4 cell
di\,isions we ass\Imed to (]cc~lr m the illf’;lllt gl;mcl

111.OIVS frolll J size Of ~tl)otlt 1..5 g!)). to ;1 t)litt[lrl! 17-,-
jgn. gland.; It th~ls seems reasol~khle to consider tl]e
enll:tllced tllmort)get]ic effect of irrdi:ltion in chil -
([rell to Iw d[Ie to tile ]leeessit! for clii, ision of cells
ll,hose Iluclei I]:l\,e l>revin~lsl>. beet] illj[lrecl IJ>! rkdi-
~Lti(]n. The xfult g[m]d, (m tl~e other Il:illd, wOI1lCI
)lt)t I)e ;ts ]Irolle to SIICh r:tdiiltion effects, sil]ce cell
diiisioll is [lot I)elieied to occur nornl;dl}. ill t!le
In;ihlre glLLl]d (Illitotic figures :uw usLI:Lll! not dis-
cernil)le).27.32 Ally fhor, tllemfore, thot C;NISeS il]-

crensec] secretion of’ TS H and thyroid l\>.pcq>litsia
\vill fui.or the developnlent of” neoplwiu ill il l)re-

vio(ls]> irrudiatecl tl]}r{)itl gl:i I]d. T]]OIIKII tile re];tti~]ll

lxtlveen adenon]ittous ;ll)cl l]uLlign;tnt cl];u)gcs is not

cle:lr it is ;Il)pm-ent th;lt the s;ulle situ:itiol]s predis-
pose to the dev~lol)nlent of l]{)th t~pes of chnnge.

Tl~e occurrence of” :Idenonl;ltoid nod~lles tuld 1
cmcimml;l t}f the <I:llld i II tl]e Xl~irsll:lllese Ivi]() re-
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ceived thyroid irradiation in 1954 seems to conform
in a general way to, the concepts outlined above.
Radiation appear’)o have been the cause of the
thyroid abnormalities seen, since 200 natives of the
same ethnic backgroLmd itnd living under identical
conditions showed no th>’roid diset~se. Furthermore,
there is no evidence that these people have been
exposed to other factors that might caLlse pathologic
changes in the gland: urinalyses indicate that the
iodine intake is tidequate, and no dietary goitro-
genic factors have been implicated. In Addition, the
data in the present stLldy show a much greater inci-
dence of thyroid disease in children than in adLdts
in accord with the findings cited above. This greater
sensitivity of infants mny also be related to the rel-
ative rnignitudes of the dose of radiation received,
the infant gland probably receiving five to ten times
the radiation dose that an average adult’s gland
received, The dose range of from 700 to 1400 rads
delivered to the children’s thyroid g]iLnds is similar
to the doses received dLlring thymic irradiation. Tile

,
apparently greitter incidenee of pathologic ChiLllgeS

in the glands of the Mfirshttllese is not cletir. It may
be related to a greater dose of radiation received by
the hlarshallese since the calculations for thyroid
dose in these people is subject, as noted above, to
l:(rge uncertilinties.

There appears to be an increased incidence of
thyroid c:Lrcinoma in inhabitants of Hiroshima ~Lnd
iiiLgilsiLki exposed to radi~Ltion from the atomic.bomb
explosions. The nL~n~bers are snli~ll, however, com-
prising 19 cases in a cmnbil~ed exposed group of
:L]most 15,()()0 individuids, kLscompared to 2 c;Lses in

slixhtly less than 5000 unexposed individuals.~
These people were exposed to varying doses of
external radiation to the thyroid ghmd bLlt not to
internal exposLme from radioiodine.

The growth r&ard~Ltion previously noted in some
of the exposed children has been assumed to be
dLle to the racliation. but the mechanism has not
been known.’ \Vit]) the recent development of frank
]lvpot]~~,roidisll~ in 2 of the most retm-ded bOYS in. .
the exposed group hypothyroidism seelns the most
]ike!}’ v,ILIse. In ~ other retarcfe~ lIOyS ,111d

thyroid noclules hiive developed. However, It is in-
teresting tbiLt the exposec{ girh have shown very ]ittle
retardation of growth m]d development il]thOLL~h the
nodLL]es are more prewdent among them. Except for
the ~ ]Joys with hypothyroiclism, the rest of the chi]-
dren with growth retiLrclation have shown nomlal pro-
tein-bounc] iodine and cholesterol \’alues. Xlinimal
hypothyroidism may hilve been missed itnd may be

enough to ;tcwount for the growth retardiltion seen. The
finding of high TSH levels in the 2 most retarded boys
with hypothyroidism ;LIICI slight eleviition in ~ other

retarded children strongly inclic:ltes primary hypothyr-
oidism. The growth response of these children i~fter
thyroid feeding will offer an interesting thempeutic
test of the hypothyroid etio]ogy of the growth retar-
dation;

The treatment of the exposed group with levothy -
roxine deserves some further comment. Bielscho\v-
s’ky~:fand Ashvood and CassidyJ4 have reviewed the
f~Lvorab]e effects of thyroid treatment of p;Ltients
with nodules of the thyroid gl;Lnd. The only experi-
mentii] evidence foLLnd directly applicable to the
Marshallese situation is a paper by Nichols et al.3s
and unpublished data by CodwinM demonstrating :L

reduc~d incidence of It31-induced adenornas in rats
trei{ted with thyroid hormone. This form of treat-
ment, therefore: seems reasonable in the Marshal-
Iese.

The implicatioL~s of the present findings are @vo-
fold. In the first place, contrary to previous con-
cepts, the. qLmntity of radioisotopes of iodine in
fiL]]OLLt of the c]ose-in type associated with atomic-
bomb detonations must be regarded as a major long-
tem~ hxzard. Secondly, the development of hypo-
thyroidism, of thyroid adenomatoid lesions and of a
thyroid c~Lrcinoma nfter doses of radioiodine that
deliver 300 to 1400 rads to the gland makes caution in
the Llse of radioiodine necessary

SUMMARY AND CONCLUSIONS

PiLtbOIOgiL! ChaIlgf3S in the thyroid gland were
fo(lnd in a number of ~[iLrS]lillteSe people of Rmrge-
lLLp Isli\nd who were accidentally exposed to riLdio-
active fallout in 1954. Definite thyroid nodules were
noted in 11 people, minim~Ll chimges in 5 others,
and ]nmothvroidism in 2. All bLlt 1 case ocwurred in. . .
the more heavily exposed population (55 living of
the original 64 persons), who received about 175
rads of whole-bodv LMLlllliL radiation. bLlrns of the.-
skin from filllo~lt products iLnd interred absorption of
fission products. One case with a nodule was noted
in iLn adLl]t woman in the snm]ler Rongelllp gro~Lp
(16 of the 18 are stiI1 ,Llive) thiLt htLd received !ess
th~Ln half the exoosL1re of the other uroLln. In 200. . .
individuids of it contro] groLlp not exposed no such
thvroicl iLbnormdities were found. In the more
he:Lvily exposecl group, thyroid abnorn~iLlities de-
veloped in 55 per cent of children exposed at less
th;ln ten veiLrs of sue. Five children \vere found at.
surgery to ]mve benign iLdenonMous goiters. The 1
ild(llt patient had a mixed papill~Lry and follicwIiLr
cnrci nonm, with 1ma] ized metastasis, TWO bovs
showed marked retarchtion of gro\vth, apparently
owing to primm-y hypothyroidism.

The radiation etiology in these cases iippears to .
be reasonably certain in view of the follo\ving facts:
the thvroic] dands received a sLlbstantio] dose of..
rdiation from rodioioclines and external g;unma
radiation (:iclLllts about 300” rac]s, tlnd children about
700 to 1400 racls); and the incidence of th\’roid iil)-
norm:llities ww high in the exposed group iind ab-
sent in an unexposed control prrpul~Ltion 1i\’ing on
the same island.

The present findings suggest thitt the seriousness

of the interns] hazard iLss~ciNed with fiL!lOLlt, partic-

ulwl}” from riidioiodine, mllst be revised tIp\~ard.
,.,

,.
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The high incidence of thyroid abnormality
Llarshldlese elllP]lasiz&s the C:lution with

in the
which

rodii]tion must be used ~]itlic;l]]y, ptl~icll]zlr]y ill
children.

A resurvey 01 the Rongelap people was completed in
il;trch, 1!)66, since this Isaper \v;is !vriuen. The data m-e 001
amlyzecf. and tsnly a ]meliminar~ statemen[ can be made.
There were .5 nelv ctises {jf’ tllyr<iid nodules, all in children.
The increase was possibly related to inadequate thyroid-
hrsrmrme treatmen~ in some cmes. However, some beneficial

effect of Lhc lrcatment w’as mntxf. since a nodule disap-
i~eared in I c;ise, and [here uppeam [{j have been increased
grmwh mte in some of the remrded children. 1[ is Ijlanned
[[1 bring s{m~e t)f these Imtiell[s [() tile Cltited States for
further study and pussibl! surgery. The resL1lts of these
Iatew studies will be the subject (>fa further cr~r]lt]ll]nic;ttit)ll.

surgery on Cases 1 throu~h 3 was performed by (hixain
C. A. l\rw~ddus (MC). ~’SN. (Uni[ed States N’a!al Hosljital,
(;uam). and un (Ases 4 [hrough (i by Dr. Bentlei 1’. (kk(Kk
(l;!he\ (linic). The patholt)~ical clid~n[)ses ~vere h) Dr. (;.
H. Klinck (Armed Forces Institute of Pathology) in Cmes I
and 2, b) Dr. H. A. Johnsop (Medical Delmrtmenl, l)rooL-
haven F!atinnnl Laboratory) in Case 3, and by Dr. W. A.
hfeissner (New En~lilnd Deacfmess Hos])ital). ill CLlses 4
thr{)ll~h 6.

We are indebted Lb Drs, S. Warren, j. B. Stanbury, R, P.
(;nlcock, (1. L. Dunham, 1’. P. Bond, H. D. Brttner. L. K,
[)xltl, J. E. Jesse}>Il. H. 1., .+tkins. E. 1), Henley ai)d A.
HicLing f’or cunsulIati{NI utid ;tcfyice. [<) l)rs. (;. f+. Klinck, S.

I.indsa!, H. A. Johnson. \\’. ,A. ileissller. (;. J. Suild :tlld 1..
V. Acketwmn fnr pxt}lolt]gical il]terl)let:l[it)ll. lo tltlnlert)tls
t]tl]er til!mtid experts with wit(n)) we h:tve t~eetl ilt c[]rre-
slx)llde!lce and to the Uni Led Stx[es ,Att~lnic E]lergy {k NN-
ttlissi(]tl ;IIICI dle Trusl Terri[twy {)1 tl]e I’;lt.ihc Islantls (l)e-
Il:lr[llw!lt of [nteri{w) f’{)r ;Issistal)ce ill carrring out tl)e
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